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(57) ABSTRACT 

One embodiment of the present invention provides a method 
of fabricating a cathode requiring relatively few and Some 
what Simple Steps. One embodiment also provides a method 
of fabricating a cathode which eliminates a passivation layer 
masking Step. One embodiment provides a method of fab 
ricating a cathode which reduces manufacturing costs and 
increases the efficiency and productivity of manufacturing 
lines engaged in cathode fabrication. One embodiment pro 
vides a method of fabricating a cathode, which reduces the 
unit cost of thin CRTs. In one embodiment, a novel method 
effectuates fabrication of a cathode by a proceSS requiring 
relatively few and Somewhat Simpler Steps. Importantly, in 
the present embodiment, the requirement for at least one 
conventionally required passivation layer masking Steps is 
eliminated. This effectively eliminates or substantially 
reduces associated costs, concomitantly reducing process 
completion time. Advantageously, this increases efficiency 
and productivity, correspondingly reducing fabrication costs 
and unit costs of finished devices. 

12 Claims, 18 Drawing Sheets 
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FIG. 2 (CONVENTIONAL.ART) 
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FIG. 3 (CONVENTIONAL ART) 
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FIG. 4 (CONVENTIONAL ART) 
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METHOD FOR IMPLEMENTING A 5-MASK 
CATHODE PROCESS 

TECHNICAL FIELD 

The present invention relates to processes for manufac 
turing cathode ray tubes. In particular, the present invention 
pertains to a novel method for implementing a five mask 
proceSS for fabricating a cathode for use in a cathode ray 
tube. 

BACKGROUND ART 

The flat panel or thin cathode ray tube (CRT) is a widely 
and increasingly used display device. Thin CRTS, Such as the 
ThinCRTTM of Candescent Technologies Corp., San Jose, 
Calif., are used in desktop and WorkStation computer 
monitors, panel displays for many control and indication, 
test, and other Systems, and television Screens, among a 
growing host of other modern applications. 

Thin CRTs work on the same basic principles as standard 
CRTs. Referring to Conventional Art FIG. 1, beams of 
electrons E are fired from negatively-charged electrodes, 
e.g., cathodes C, through an accelerating potential AV in an 
evacuated glass tube T. The electrons E strike phosphors Ph 
in front of an aluminum (Al) layer anode A at the front of the 
tube T, causing them to emit light L, which creates an image 
on a glass Screen GS. One difference is that, in place of the 
conventional CRT's Single large cathode are millions of 
microscopic electron emitters EE spread across the cathode 
at the back of the thin CRT, each firing a small beam of 
electrons E toward the phosphor Ph coated screen GS. 

These emitters EE use cold cathode technology, which 
consumes only a Small fraction of the power used by the 
traditional CRTs hot cathode. It is estimated that a 14.1 inch 
thin CRT, such as the ThinCRTM color notebook display, will 
use leSS than 3.5 watts, over an order of magnitude less than 
a typical conventional CRT of roughly 80 watts, and even 
less than liquid crystal displays (LCD), such as AMLCDs, at 
equivalent brightness. Referring to Conventional Art FIG. 2, 
millions of electron emitters EE on the thin CRT cathode C 
release electrons E that are accelerated towards the phosphor 
Ph on the thin CRT faceplate GS which, when struck, emits 
light towards the viewer. Ceramic spacers mechanically 
Support the thin CRT Structure, containing high vacuum 
between the anode A and cathode C, against the imploding 
forces of ambient atmospheric pressure AAP. 

The manufacture of a thin CRT involves a number of 
Specialized, complex technical and industrial fabrication 
processes. One Such proceSS is the formation of the cathode 
element of the thin CRT. Cathode fabrication processes 
involve a number of Steps, Some of them familiar in other 
aspects of modem electronic manufacturing. However, cath 
odes for thin CRTs have relatively complex designs, as well 
as certain unique Structural features and material 
compositions, which tend to complicate their manufacture, 
in accordance with conventional methods. 

With reference to Conventional Art FIG. 3, Some of the 
details of the thin CRT design are described. A dielectric 1 
covers a patterned resistor layer 2. Both are disposed over a 
glass cathode Substrate 3, onto which is arrayed row metal 
4 and an emitter array 5, shown in detail in blown up internal 
FIG. 3.1. A Single cathodic emitter cone and gate hole 
micro-array 6 is depicted in detail in blown-up internal FIG. 
3.1.1. Column metal 7 is arrayed over the row metal 4. 
Column metal 7 and row metal 4, together, form individually 
addressable cathodic locales at their interSections. A focus 
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2 
ing grid 8 disposed upon mechanically Supportive walls 9 
allow electron beams (e.g., electron beams E.; Conventional 
Art FIG. 1) to be focused onto individual pixels, such as 
pixel 13, which is depicted in the present Figure as “on” (the 
other pixels therein are depicted as “off”). Pixels, such as 
pixel 13, form a screen with an anodic Al layer 12 
(corresponding to Al anode A; Conventional Art FIGS. 1, 2) 
and a contrasting blackened matrix 11, all disposed upon a 
faceplate glass 14 (corresponding to glass Screen GS; Con 
ventional Art FIGS. 1, 2). 

With reference to Conventional Art FIG. 4, low voltage, 
planar cold cathodes C are used in thin CRTs. These cath 
odes contain many individual electron emitters 55 
(corresponding to electron emitters EE, Conventional Art 
FIGS. 1, 2 and cathodic emitter cone and gate hole micro 
array 6; Conventional Art FIG. 3), which are addressable 
with low-voltage, inexpensive drivers via row and column 
conductors, Such as column metal 7 and row metal 4, 
together forming individually addressable cathodic locales 
at their interSections. These cathodes exhibit high Spatial and 
temporal uniformity, have a very high degree of emitter 
redundancy, and can be produced at low cost, relative to 
other display technologies, Such as LCDS and conventional 
bell tube CRTS. 

One such thin CRT cathode is the Spindt Cathode 55, a 
micron-size metallic cone centered in a roughly micron 
diameter hole through a top metal and insulator thin films, 
shown in detail in blown up internal FIG. 4.1. The tip of the 
cone lies in the plane of the top metal (“gate') film and is 
centered in the gate hole. The cone has a sharp tip; thus a 
Voltage differential between the cone and gate film causes 
electrons to emit from the cone tip into the vacuum char 
acterizing an accelerating potential (e.g., AV, Conventional 
Art FIG. 1). Several approaches for fabricating cold cath 
odes exist. 

One conventional process of fabricating 1 micron Scale 
Spindt emitters 55 requires several relatively slow and costly 
photolithographic Steps. Additionally, at 1 micron gate 
widths, more expensive integrated circuit drivers rated at 80 
Volts are needed. This Voltage range results in a high power 
consumption that is unacceptable for portable applications. 
Spindt cathode power and cost limitations may be overcome 
if the device geometry is reduced from micron to nanometer 
Scale, e.g., less than 0.15 microns, and if faster non 
photolithographic patterning techniques are employed. 

Resulting cold cathode emitters are fabricated over large 
glass Substrates. One type of cold cathode plate is consti 
tuted by a matrix array of patterned, individually 
addressable, orthogonal row and column electrodes (e.g., 
column metal 7 and row metal 4 together form cathodic 
locales at their intersections). The interSection (e.g., cross 
over area) between each row and column defines a Sub-pixel 
element, at which a very dense array of cold cathode 
emitters is formed. Referring to Conventional Art FIG. 5, 
row metal conductors (e.g., row metal 4; Conventional Art 
FIGS. 3, 4) and column metal conductors (e.g., column 
metal 7; Conventional Art FIGS. 3, 4) are electrically 
couplable from exposed conductors in the M1 areas 5M1 
and the M2 areas 5M2, respectively. Active area 5A contains 
the actual cathodes (e.g., cathodes 55; Conventional Art 
FIGS. 3, 4). 
Nanometer scale emitters currently allow up to 4,500 

emitters to be located at each Sub-pixel. This high degree of 
redundancy results in a defect tolerant fabrication proceSS 
because a number of non-performing emitters can be toler 
ated at each Sub-pixel Site. From a manufacturing cost 
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Standpoint this is significant because the one very Small 
element, the cathode emitter, has large redundancy. The 
remaining device features, Such as the rows and columns 
(e.g., column metal 7 and row metal 4, together, forming 
individually addressable cathodic locales at their 
intersections), are relatively low resolution (on the order of 
25 to 100 microns) which are compatible with relatively low 
cost (e.g., non-stepper lithography-based and high yielding) 
manufacturing processes. 

Conventional cathode fabrication processes for thin CRT 
manufacture involve varying Sequences of Substrate forma 
tion and treatment, photoresistive patterning and etching, 
layer deposition, Structure formation, other etching, 
cleaning, and related Steps. The level of cathodic structural 
complexity and the nature of constituent materials involved, 
including lanthanides and group VIB metals and others, has 
resulted in elaborate fabricative procedures, often with 
repetitive and reiterative operations. For example, one Step 
common in the conventional art is the masking of passiva 
tion layers. Such repetitive or reiterative operations render 
the conventional art problematic for four related reasons. 

With reference to Conventional Art FIG. 6, the steps in a 
conventional proceSS 600 are presented. In etching cavities 
for housing the emissive cones (e.g., cathode cones 55; 
Conventional Art FIGS. 3, 4), a Silicon Nitride (SiN) 
inter-layer dielectric (ILD) is attacked by the etchant. To 
prevent unwanted consumption of this SiN., a second 
Silicon dioxide (SiO2) passivation layer is masked (Step 
614), in the conventional art, by blanket coating of photo 
resistive maskant. This is followed by etching and Stripping, 
deposition of the cathode cones, masking, etching, and 
Stripping of a gate Square, deposition of a Second ILD layer, 
and masking, etching, and stripping of a direct via (steps 615 
through 619, respectively). The conventional process 600 
Subsequently configures focus waffles and halos (steps 
620–624). As seen in Conventional Art FIG. 6, numerous 
Sets of masking and corresponding etching and related Steps 
and two (2) passivation layers are required to fabricate 
cathodes for thin CRTs. This is elaborate, inefficient, and 
costly. 

The first problem arising from the conventional art is that 
the elaborate conventional methods are expensive, individu 
ally and cumulatively. Second, the complexity of the con 
ventional art, especially with respect to the relatively large 
number of Steps it requires, consumes inordinate time. Third, 
this renders the production lines involved correspondingly 
less efficient and productive than desirable, with correspond 
ingly increased costs. And fourth, the total unit cost of the 
cathode assembly, and correspondingly, complete thin CRT 
units, is higher than desirable. 
What is needed is a method of fabricating a cathode which 

reduces the number and/or complexity of Steps required 
conventionally. What is also needed is a method of fabri 
cating a cathode which eliminates one or more passivation 
layer masking Steps, required in the conventional art. 
Further, what is needed is a method of fabricating a cathode 
which reduces manufacturing costs and increases the effi 
ciency and/or productivity of manufacturing lines engaged 
in cathode fabrication. Further still, what is needed is a 
method of fabricating a cathode which reduces the unit cost 
of thin CRTs manufactured therewith. 

DISCLOSURE OF THE INVENTION 

The present invention provides, in one embodiment, a 
method of fabricating a cathode requiring relatively few and 
Somewhat Simple Steps. In one embodiment, the present 
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4 
invention also provides a method of fabricating a cathode 
which eliminates a passivation layer masking Step. Further, 
in one embodiment, the present invention also provides a 
method of fabricating a cathode which reduces manufactur 
ing costs and increases the efficiency and productivity of 
manufacturing lines engaged in cathode fabrication. Further 
Still, the present invention provides, in one embodiment, a 
method of fabricating a cathode which reduces the unit cost 
of thin CRTs manufactured therewith. 

In one embodiment, a novel method effectuates fabrica 
tion of a cathode by a process requiring relatively few and 
Somewhat Simpler Steps. The process, in one embodiment, 
involves a number of Steps involving technologies well 
known in the art. Importantly however, in the present 
embodiment, the requirement for at least one of the passi 
Vation layer masking Steps, required by conventional cath 
ode fabrication processes, is eliminated. 
The elimination of a passivation layer masking Step in 

accordance with the present embodiment effectively elimi 
nates or Substantially reduces costs conventionally associ 
ated with executing the Step and concomitantly reduces the 
total time necessary to complete the entire process. 
Advantageously, this increaseS production line efficiency 
and productivity, correspondingly reducing fabrication costs 
and unit costs of finished devices manufactured there with. 

These and other advantages of the present invention will 
become obvious to those of ordinary skill in the art after 
having read the following detailed description of the pre 
ferred embodiments which are illustrated in the various 
drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and form a part of this Specification, illustrate embodiments 
of the invention and, together with the description, Serve to 
explain the principles of the invention: 

Conventional Art FIG. 1 is a cutaway view of the insides 
of a flat panel CRT, depicting cathodic electron emission and 
acceleration toward a fluorescent Screen. 

Conventional Art FIG. 2 is an exploded view of the 
insides of a flat panel CRT, depicting ceramic spacers and 
resistance to ambient atmospheric pressure. 

Conventional Art FIG. 3 is a structural Schematic of a flat 
panel CRT, with two collapsing detailed internal diagrams 
depicting the details of a cathode at two Subsequent levels of 
magnification. 

Conventional Art FIG. 4 is a Schematic diagram depicting 
row and column addressability details of a thin CRT cathode 
Surface, with a detailed internal diagram depicting the details 
of a cathode. 

Conventional Art FIG. 5 is a top view layout diagram 
depicting the relative positioning of the active area and the 
M1 and M2 connection pad areas of a cathode Surface for a 
flat panel CRT. 

Conventional Art FIG. 6 is a flowchart depicting the steps 
in a conventional process for fabricating a flat panel CRT 
cathode. 

FIG. 7A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a first metallic active layer deposited 
on a glass Substrate in an active area, in accordance with one 
embodiment of the present invention. 

FIG. 7B is a Schematic diagram depicting a croSS 
sectional end view of an first M1 metallic pad deposited on 
a glass Substrate after photoresist application in an M1 pad 
area, in accordance with one embodiment of the present 
invention. 
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FIG. 7C is a Schematic diagram depicting a croSS 
Sectional end View of an inter layer dielectric and resister 
layer deposited on a glass Substrate in the M2 pad area, in 
accordance with one embodiment of the present invention. 

FIG. 7D is a flowchart of the steps in a process for 
formation of a first base composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

FIG. 8A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a metallic gate and Second metallic 
conductor deposited on an inter layer dielectric covering a 
first metallic layer in an active area and an M2 pad area, in 
accordance with one embodiment of the present invention. 

FIG. 8B is a Schematic diagram of a cross-sectional end 
View of a Cr deposition in the M2 pad area, in accordance 
with one embodiment of the present invention. 

FIG. 8C is a flowchart of the steps in a process for 
formation of a Second composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

FIG. 9A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a passivation layer deposition in the 
active area, over the metallic gate (FIG. 8A) and with a gate 
chromium (Cr) layer applied, after etching, in accordance 
with one embodiment of the present invention. 

FIG. 9B is a Schematic diagram depicting a croSS 
Sectional end View of a passivation layer deposition over the 
first metallic layer (FIG. 7B) in the M1 pad area, after 
etching, in accordance with one embodiment of the present 
invention. 

FIG. 9C is a Schematic diagram depicting a croSS 
Sectional end View of a passivation layer deposition over the 
metallic gate (FIG. 8B) and second metallic layer in the M2 
pad area, after etching, in accordance with one embodiment 
of the present invention. 

FIG. 9D is a flowchart of the steps in a process for 
formation of a third composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

FIG. 10A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a Stick Cr layer deposition over the 
metallic gate (FIG. 8A) in the active area, in accordance with 
one embodiment of the present invention. 

FIG. 10B is a Schematic diagram depicting a croSS 
Sectional end View of a Stick Cr layer deposition over the 
first metallic layer (FIG. 9B) in the M1 pad area, in accor 
dance with one embodiment of the present invention. 

FIG. 10C is a Schematic diagram depicting a croSS 
Sectional end View of a passivation layer deposition over the 
metallic gate (FIG. 9C) in the M2 pad area, in accordance 
with one embodiment of the present invention. 

FIG. 10D is a flowchart of the steps in a process for 
formation of a fourth composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

FIG. 11A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a cathodic cone metal and gate 
Square deposition in the active area, in accordance with one 
embodiment of the present invention. 

FIG. 11B is a Schematic diagram depicting a croSS 
sectional end view of a of a first metallic layer with 
substantially overlying passivation material (FIG. 9B) in the 
M1 pad area, after etching of Stick Cr, in accordance with 
one embodiment of the present invention. 

FIG. 11C is a Schematic diagram depicting a croSS 
Sectional end view of cathodic cone metal Over the metallic 
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6 
gate (FIG. 10C) in the M2 pad area, in accordance with one 
embodiment of the present invention. 

FIG. 11D is a flowchart of the steps in a process for 
formation of a fifth composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

FIG. 12A is a Schematic diagram depicting a longitudinal 
croSS-Sectional view of a cathode active area with polyimide 
walls bearing a focus waffle metallic deposition, in accor 
dance with one embodiment of the present invention. 

FIG. 12B is a Schematic diagram depicting a croSS 
Sectional end View of a cathodic cone metal over the metallic 
gate (FIG. 11C) in the M2 pad area, with cone metal 
removed, in accordance with one embodiment of the present 
invention. 

FIG. 12C is a flowchart of the steps in a process for 
formation of a sixth composite Structure for a cathode 
fabrication, in accordance with one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made in detail to the preferred 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. While the invention 
will be described in conjunction with the preferred 
embodiments, it will be understood that they are not 
intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modifications and equivalents, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 

Furthermore, in the following detailed description of the 
present invention, numerous Specific details are Set forth in 
order to provide a thorough understanding of the present 
invention. However, it will be obvious to one of ordinary 
skill in the art that the present invention may be practiced 
without these specific details. In other instances, well-known 
methods, procedures, components, and compounds have not 
been described in detail So as not to unnecessarily obscure 
aspects of the present invention. 
A Series of exemplary composite Structures constituting 

Stages of cathode fabrication comporting with one embodi 
ment of the present invention is described below. A series of 
exemplary processes utilizing the Steps in a method for 
forming a cathode according to one embodiment of the 
present invention follows thereupon each Structure, describ 
ing its fabrication. 

Exemplary Processes and Corresponding Composite 
Structures 
M1 Photolithography and Etching 
With reference to FIGS. 7A and 7B, a first composite 

structure 10 is formed by a first active metallic layer M1 
deposited on a glass Substrate 11, in accordance with one 
embodiment of the present invention, is depicted in a 
longitudinal cross-sectional view of the active region and 
M1 pad area, respectively. FIG. 7C depicts a portion of the 
same structure in the M2 pad area. FIG. 7D describes the 
steps in a process 700 for fabricating first composite struc 
ture 10, in accordance with one embodiment of the present 
invention Glass Substrate 11 is a highly planar sheet of high 
purity Silica glass, fluorosilicate glass, or other Suitable glass 
Surface of a Suitable thickness, on the order of Several 
millimeters. Metallic layer M1 is deposited in situ upon the 
upper surface of glass substrate M1; step 701 of process 700 
(FIG. 7D). 
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In one embodiment, metallic layer M1 is an alloy of 
aluminum (Al), neodymium (Nd), molybdenum (Mo), and 
tungsten (W). In Several embodiments, the relative compo 
Sition of the alloyed metals may vary. In one embodiment, 
another lanthanide may be substituted for Nd. In one 
embodiment, Chromium (Cr) or metals selected from other 
periodic table groups with properties Sufficiently close to the 
properties of the metals of group VIB may replace Mo 
and/or W to varying degrees. 
The deposition in Situ may be accomplished by a number 

of methods well known in the art. In one embodiment, 
metallic oxide chemical vapor deposition (MOCVD) may be 
used. In another embodiment, another form of chemical 
vapor deposition (CVD) may be used. In one embodiment, 
physical vapor deposition (PVD) may be used. In one 
embodiment, a plating technology Such as electroless plating 
may be used to deposit metallic layer M1. 

Step 702 of process 700 (FIG. 7D) is accomplished in the 
following manner. Upon deposition of metallic layer M1, a 
photoresistive masking agent (PR) masks metallic layer M1 
according to a designed pattern. After masking, the metallic 
layer M1 is etched by any of a number of photolithographic 
processes well known in the art accordingly. Applicable 
etching methods include reactive ion etching (RIE), plasma 
assisted dry etching, or wet etching with acetone or other 
organic solvents. Metallic layer M1 is etched to conform to 
the contours of the corresponding pattern. Remaining PR 
maskant is Stripped by methods well known in the art. 

In one embodiment, a resistor is then fabricated by 
deposition of a layer of resistive material R1 upon the first 
metallic layer M1 and remaining glass Surface 11 uncovered 
by metal from metallic layer M1; step 703 (process 700; 
FIG. 7D). The resistive material forming resistor R1, in one 
embodiment, is silicon carbide (SiC). In one embodiment, 
resistor R1 is cermet, or another ruthenium (Ru) based 
resistive material. In another embodiment, resistor R1 is a 
nickel-chromium alloy (e.g., nichrome) or an oxide thereof. 
In one embodiment, resistor R1 is a dual-stack resistor 
formed by combining layers of SiC and cermet, or similar 
Rubased resistive material. Deposition of the resistor R1 is 
accomplished by any of a number of procedures well known 
in the art, including electroplating, electroless plating, CVD, 
MOCVD, PVD, and sputtering. In one embodiment, cath 
odes are formed without deposition of a resistor in the active 
aca. 

An inter-layer dielectric (ILD) ILD1 is deposited over the 
resistor R1; step 704 (process 700; FIG. 7D). In one 
embodiment, inter-layer dielectric ILD1 is silicon oxide 
(SiO2). In one embodiment, inter-layer dielectric ILD1 is an 
organic polymer, Such as a polyimide. In one embodiment, 
inter-layer dielectric ILD1 is SiLKTM, a product of Dow 
Corning, of Midland, Mich., or FLARETM, a product of 
Honeywell, of Morristown, N.J. In one embodiment, various 
organic polymerS may be combined to constitute inter-layer 
dielectric ILD1. In the SiO embodiment, inter-layer dielec 
tric ILD1 is deposited by CVD or PVD. 

In embodiments of the present invention utilizing SiLKTM 
and/or FLARETM, inter-layer dielectric ILD1 may be depos 
ited on the Surface of resistor R1 by a spin coating process, 
a technique well known in the art. In other embodiments, 
other deposition processes known in the art may be used. 
After application, inter-layer dielectric ILD1 may be treated 
as necessary by baking and curative processes well known 
in the art, to render inter-layer dielectric ILD1 and the 
material therein amenable to Subsequent processing. 
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M2 Photolithography and Etching; Metal Gate Deposition 
With reference to FIGS. 8A and 8B, a second composite 

structure 20 is formed by a second metallic layer M2 
deposited upon the inter-layer dielectric ILD1, and a metal 
lic gate MG deposited on metallic layer M2, in accordance 
with one embodiment of the present invention, by a proceSS 
800 of FIG. 8C. In FIGS. 8A and 8B, composite structure 20 
is depicted in a longitudinal croSS-Sectional view of the 
active area, and the M2 pad area, respectively. 

In step 801 of process 800 (FIG. 8C), metallic layer M2 
is deposited in Situ upon the upper Surface of inter-layer 
dielectric ILD1. In one embodiment, metallic layer M2 is an 
alloy of Al, Nd, Mo, and W. In several embodiments, the 
relative composition of the alloyed metals may vary. In one 
embodiment, another lanthanide may be substituted for Nd. 
In one embodiment, Cr or metals Selected from other peri 
odic table groups with properties Sufficiently close to the 
properties of the metals of group VIB may replace Mo 
and/or W to varying degrees. 
The deposition in Situ may be accomplished by a number 

of methods well known in the art. In one embodiment, 
MOCVD may be used. In another embodiment, another 
form of CVD may be used. In one embodiment, PVD may 
be used. In one embodiment, a plating technology Such as 
electroleSS plating may be used to deposit metallic layer M2. 

Step 802 of process 800 is accomplished in the following 
manner. Upon deposition of metallic layer M2, a PR mask 
ing agent masks metallic layer M2 according to a designed 
pattern. After masking, the metallic layer M2 is etched by 
any of a number of photolithographic processes well known 
in the art accordingly. Applicable etching methods include 
RIE, plasma assisted dry etching, or wet etching with 
acetone or other organic Solvents. Metallic layer M2 is 
etched to conform to the contours of the corresponding 
pattern. Remaining PR maskant is Stripped by methods well 
known in the art. 

Next, in step 803, a metallic gate MG1 is deposited upon 
metallic layer M2 and over remaining eXposed Surfaces of 
inter-layer dielectric ILD1. Typically, Cr is the material 
constituting the metallic gate MG1, and in one embodiment, 
forms the sole content of metallic gate MG1. However, in 
another embodiment, other metals and/or alloys of Cr and 
other metals may be used to form the metallic gate MG1. 
Metallic gate MG1 material is deposited by electroplating, 
electroless plating, MOCVD, CVD, PVD, or other methods 
well known in the art. The thickness of the gate Cr deposited 
ranges from 200 to 1,000 A. This thickness of Cr deposition 
is necessary, because Cr may be consumed Somewhat exces 
Sively during Subsequent processing, specifically resistor 
(e.g., resistor R1, FIG. 9B) etching steps (e.g., dual resistor 
dry etch step 906, process 900; FIG. 9D). 

Importantly, upon deposition of the Cr (or other material) 
constituting the metallic gate MG1, a Shadow maskant is 
applied to exposed or proximate thinly covered layers of the 
first metallic layer M1. Advantageously, this prevents the 
deposition of unwanted Cr (or other metallic gate MG1 
constituent) in the area of the pad M1 formed by the first 
metallic layer. 

Passivation Photolithography and Etching 
With reference to FIGS. 9A and 9B, a third composite 

structure 30 formed by deposition of a hard passivation layer 
PA2, in accordance with one embodiment of the present 
invention, is depicted in a longitudinal croSS-Sectional view 
of the active area, and the M1 pad area, respectively. FIG. 
9C depicts the M2 pad area. FIG.9D describes a process 900 
for forming composite structure 30. 
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A passivation layer PA2 is deposited by CVD, PVD, or 
another technique known in the art; step 901 (FIG. 9D). 
Passivation layer PA2 is, in one typical embodiment, a 
nitride of silicon (SiN) such as silicon nitride (SiN). In 
another embodiment, passivation layer PA2 may be Silicon 
oxide (SiO), or silicon oxynitride (SiON), or a mixture of 
these compounds with a SiN. The depth of passivation 
layer PA2 ranges from 500 to 10,000 A. In certain 
applications, using a passivation layer (e.g., PA2) prior to 
further etching operations, is advantageous. Such applica 
tions include use of etchants which are relatively non 
Selective. 

Step 902 is accomplished in the following manner. The 
passivation layer PA2 is then masked by a PR masking agent 
masking passivation layer PA2 according to a designed 
pattern. 

After masking, the passivation layer PA2 is etched by a 
SiN dry etching method, known in the art, Such as RIE or 
plasma assisted dry etching accordingly, and/or by a SiN 
wet etching technique, also known in the art; step 903. 
Remaining PR is stripped. 

In step 904, the SiO inter-layer dielectric ILD1 is then 
etched in the M1 pad area by SiO, wet etching with pad 
etchants Such as hydrofluoric acid (HF) Solutions accord 
ingly. Remaining maskant is Stripped. 

In step 905, photoresist is applied, patterned, and baked. 
A dual resistor dry etch is then performed on the dual 
composite SiC/cermet (or other dual-composite) resistor R1 
accordingly and remaining maskant is Stripped; Step 906. 
This completes process 900. 

Importantly, the etchant Selected and the etching proceSS 
utilized to etch resistor R1 is a highly Selective etchant for 
discriminating between the material constituting the resistor 
R1 and the Cr constituting the metallic gate MG1. 
Advantageously, application of a highly Selective etchant 
and etching process to etch resistor R1 effectuates tight 
proceSS control over the thickness of both the gate Cr 
constituting metallic gate MG1 and the material constituting 
resistor R1. 

Cathode Cavity Formation 
With reference to FIGS. 10A, 10B, and 10C, a fourth 

composite structure 40 is formed by deposition of stick Cr 
and formation of a cavity for the cathode (e.g., cathode cone 
55; FIG. 11A) to be formed in accordance with one embodi 
ment of the present invention. This is depicted in a longi 
tudinal cross-sectional view of the active area (10A), the M1 
pad area (FIG. 10B), and the M2 pad area (FIG. 10C), 
respectively. The fourth composite Structure is formed by a 
process 1000, in one embodiment of the present invention 
explained by reference to FIG. 10D. 

Process 1000 effectuates a method for forming an array of 
cavities T1 for cathodic emitters and corresponding gates in 
a base Structure for a cathode of a flat panel display. The base 
Structure is formed with a first passivation layer having a 
certain thickness. 

In step 1010, stick Cr 41 is deposited upon the surface of 
the SiN passivation layer PA2 by electroplating, electroleSS 
plating, MOCVD, other CVD, PVD, or another technique 
well known in the art. The stick Cr 41 covers the SiN 
constituting the passivation layer PA2, and the exposed 
surfaces of the first and second metallic layers M1 and M2, 
as seen in FIGS. 10A, 10B, and 10C, respectively. 
A hole is then opened for a gate aperture T1. To form the 

hole constituting gate aperture T1, the Cr metallic gate MG1 
is etched. A cavity through the interlayer dielectric ILD1 is 
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10 
also etched correspondingly, down to the Surface of resistor 
R1, as shown in FIG. 4A. Further, in Some particular places, 
a cavity T1 is etched down to the first metallic layer M1 
and/or down to the Second metallic layer M2, as depicted in 
FIGS. 10B and 10C, respectively. 

In forming the hole and cavity, a blanket material is 
disposed upon the surface in its entirety; step 1020. In one 
embodiment, the blanket is a polycarbonate material. 
Upon deposition of the polycarbonate or other blanket 

material, the Surface, in one embodiment, is impinged by 
streams of high kinetic energy particles; step 1030. This 
essentially renders tracks in the Surface, the tracks especially 
Vulnerable to more rapid etching. In one embodiment, the 
tracks are iron tracks. In one embodiment, the impingement 
is Stochastic impingement. The gate aperture is then etched 
accordingly utilizing techniques well known in the art Such 
as RIE or transfer coupled plasma (TCP), and remaining 
polycarbonate or other blanket is stripped; step 1040. 

Cavity T1 is then dry etched isotropically within the SiO, 
interlayer dielectric ILD in step 1040, utilizing a technique 
with excellent selectivity, on the order of four to one (4:1), 
of SiO2 to SiN, respectively, Such that the SiN passivation 
layer is not excessively depleted during the etching of the 
cavity. 

In one embodiment, an etchant gas is applied which 
possesses a novel gas chemistry. The gas chemistry, in one 
embodiment, is a mixture of various relative concentrations 
of the following gases: octafluorocyclobutane (c-CF), car 
bon monoxide (CO), argon (Ar), and nitrogen (N). The 
flowrate of the gas may vary in Some embodiments. In 
conventional applications, a Second passivation layer would 
typically be deposited, masked and etched photolithographi 
cally using photoresist, and Stripped prior to the T1 cavity 
etching. 

Importantly, this conventional requirement is totally dis 
pensed with by the present embodiment. Advantageously, 
this eliminates the requirement for a Second passivation 
layer, as well as for the photolithographic and related 
processing Steps, and the need for additional photoresist. 
Thus, the present embodiment Streamlines the fabrication 
process, increasing production line productivity and lower 
ing manufacturing and material costs and overall unit costs. 

Importantly, eliminating the conventional requirement for 
a Second passivation layer and etching in accordance with 
the present embodiment also has the additional advantage of 
effectuating an improvement in the operational control of the 
thickness of the SiN or other constituent of the passivation 
layer PA2. Advantageously, this forms a precursor for a 
Second inter-layer dielectric (e.g., Second inter-layer dielec 
tric ILD2; FIGS. 11A, 11C, 12A). 

Process 1000 effectuates a method of forming an array of 
cavities for cathodic emitters and corresponding gates, 
which may be summarized as follows. Stick Cr is deposited; 
step 1010. A blanket coat, in one embodiment 
polycarbonate, is disposed over the base Structure, and a 
preponderance of indentations is impinged kinetically into 
the blanket coat. Gates are etched correspondingly, and 
cavities for cathodic emitters are etched corresponding to 
Said indentations, both using a new etchant gas chemistry. 
Importantly, the method does not require deposition of a 
Second passivation layer nor process Steps corresponding to 
deposition thereof. In one embodiment, this process is 
implemented in the active area. Advantageously, this process 
effectuates formation of a cathode base product with rela 
tively few and Simple Steps. 
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Gate Square Photolithography and Etching 
Upon formation of the T1 cavity, cathodic cones 55 are 

deposited therein, forming a composite Structure 50 by a 
process 1100, as depicted with reference to FIGS. 11A, 11B, 
11C, and 11D. A cone metal mass 52 is deposited upon the 
stick Cr 41 applied over the SiN inter-layer dielectric ILD1 
and the exposed metallic gate metal MG1 Surrounding the 
T1 cavity; step 1110 (FIG. 11C). In one embodiment, the 
cone metal mass 52 is Cr. In one embodiment, the cone 
metal mass is Mo. In one embodiment, the cone metal mass 
is an alloy of Cr and Mo. Other group VI metals may be 
alloyed with the cone metal in other embodiments. 
Cone metal from cone metal mass 52 is forced to Slough 

off into the T1 cavity, where it agglomerates into a cone 
shape 55; step 1120 (FIG. 11D). In the active region, the 
cathode cone 55 adheres at its base to the Surface of resistor 
R1, if a resistor is used in a particular embodiment, or 
directly in contact with conductor M1, exposed within the 
T1 cavity, if a resistor (e.g., resistor R1) is used in a 
particular embodiment. If no resistor is used in a particular 
embodiment, the cathode cone 55 is applied directly in 
contact with metal conductor M1 in the active area. The 
cathodic cone 55 is centered within the T1 cavity such that 
its tip is Substantially centered within its annular opening of 
Cr metal gate MG1. 

Referring to FIG. 11B, it is seen that no cone metal is 
deposited in the M1 pad area over opening 39b exposing a 
Surface of first metallic layer M1 through passivation layer 
PA2, inter-layer dielectric ILD1, and resistor R1, respec 
tively. However, as seen by reference to FIG. 11C, cone 
metal mass 52c is also applied over cavity 39c (FIG. 9C) in 
contact with Cr gate metal MG1 covering the exposed 
surface of second metallic layer M2 in the M2 pad area. The 
cone metal mass 52c is centered on and Supported by the 
SiN inter-layer dielectric ILD1 there. The cone metal mass 
52c masks, Seals, and protects the M2 conductor Surface in 
the M2 pad area during Subsequent process Steps. 
Upon deposition of the cone metal, a gate Square GS is 

formed by photolithographically patterning and etching, and 
Subsequently Stripping of remaining gate metal 52, Step 1130 
(FIG. 11D). A second SiO inter-layer dielectric ILD2 is then 
deposited; step 1140. This completes process 1100. 

Focal Structure Formation and Finishing Stage Compos 
ite Structure 

Referring to FIG. 12A, a focal structure formmation is 
fabricated by a process 1200 of FIG. 12C. Process 1200 
begins with step 1210, wherein focus waffles are paterned. 
Focus waffle Supports 61 are grown in the active area at the 
edges of composite cathode Structure 60, as depicted in FIG. 
12A. In one embodiment, focus waffle supports 61 are 
fabricated by a polyimide material. In one embodiment, 
another organic polymer constitutes the material of the focus 
waffle supports 61. 

In step 1220, the second inter-layer dielectric ILD2 cap is 
removed by wet etching. With reference again to FIG. 12A, 
the focus waffle Supports 61 are formed in places patterned 
for their growth, e.g., halo 63. Holes 62 are drilled, in one 
embodiment, into the Second inter-layer dielectric ILD2, and 
the Surface thus exposed is Subjected to a cap oxide wet etch, 
in one embodiment, using acetone, by techniques well 
known in the art. 

Referring to FIG. 12B, a halo 63 is etched concentrically 
Surrounding Second metallic layer M2 in the M2 pad area, in 
one embodiment, by techniques well known in the art, Such 
as isotropic etching. The halo 63 is then cleaned by tech 
niques known in the art. These activities constitute Step 
1230. 
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The polyimide or other polymeric focus Waffle Supports 

61 are then prepared for further treatment by retort baking; 
step 1240. 

Focus metal 66 is deposited by methods well known in the 
art, such as MOCVD, other CVD, PVD, electroplating, 
and/or electroleSS plating, upon the focus Waffle Supports 61, 
in a position to electrostatically focus electron beams which 
will be emitted by the cathodic cone 55. This constitutes step 
1250. In one embodiment, focus metal 66 is constituted from 
the same metals chosen for the cathodes and gates. Focus 
metal 66 and focus waffle supports 61 compositely form 
focus waffles 66. Process 1200 is complete, and a corre 
spondingly completed cathode product is ready for use in 
Subsequent flat panel CRT fabrication. 

In Summary, the present invention provides in one 
embodiment, a method of fabricating a cathode requiring 
relatively few and Somewhat Simple Steps. One embodiment 
also provides a method of fabricating a cathode which 
eliminates a passivation layer masking Step. One embodi 
ment provides a method of fabricating a cathode which 
reduces manufacturing costs and increases the efficiency and 
productivity of manufacturing lines engaged in cathode 
fabrication. One embodiment provides a method of fabri 
cating a cathode, which reduces the unit cost of thin CRTs. 
In one embodiment, a novel method effectuates fabrication 
of a cathode by a process requiring relatively few and 
Somewhat Simpler Steps. Importantly, in the present 
embodiment, the requirement for at least one conventionally 
required passivation layer masking StepS is eliminated. This 
effectively eliminates or Substantially reduces associated 
costs, concomitantly reducing process completion times. 
Advantageously, this increases efficiency and productivity, 
correspondingly reducing fabrication costs and unit costs of 
finished devices. 

In one embodiment, a method of forming an array of 
cavities for cathodic emitters and corresponding gates, may 
be summarized as follows. Stick Cr is deposited. A blanket 
coat, in one embodiment polycarbonate, is disposed over the 
base Structure, and a preponderance of indentations is 
impinged kinetically into the blanket coat. Gates are etched 
correspondingly. Cavities for cathodic emitters are etched 
corresponding to Said indentations. A new etchant gas 
chemistry, employing a mixture of c-CHs, CO, Ar, and N 
effectuates the etching. 

Importantly, the method does not require deposition of a 
Second passivation layer nor process Steps corresponding to 
deposition thereof. In one embodiment, this process is 
implemented in the active area. Advantageously, this process 
effectuates formation of a cathode base product with rela 
tively few and Simple Steps. 
The preferred embodiment of the present invention, a 

method for implementing a five mask cathode process, is 
thus described. While the present invention has been 
described in particular embodiments, it should be appreci 
ated that the present invention should not be construed as 
limited by Such embodiments, but rather construed accord 
ing to the following claims. 
What is claimed is: 
1. In a base Structure for a cathode of a flat panel display, 

Said base Structure formed with a first passivation layer Said 
first passivation layer having a thickness, a method of 
forming an array of cavities for cathodic emitters and 
corresponding gates for Said cathode, Said method compris 
ing: 

depositing Stick chromium; 
disposing a blanket coat over Said base Structure 
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implanting a plurality of iron tracks in Said blanket coat; 
etching Said gates, and 

etching Said cavities for cathodic emitters corresponding 
to Said indentations, 

wherein Said method does not require deposition of a Second 
passivation layer nor process Steps corresponding to depo 
Sition thereof, an wherein Said etching Said gates and Said 
etching Said cavities for cathodic emitter corresponding to 
Said indentations are performed by a gaseous etchant com 
rising a mixture of octafluorocyclobutane, carbon monoxide, 
argon, and nitrogen. 

2. The method as recited in claim 1, wherein said blanket 
coat comprises a polycarbonate material. 

3. The method as recited in claim 1, wherein said implant 
ing a plurality of indentations in Said blanket coat comprises 
Stochastic impinging with particles, Said particles having a 
high kinetic energy. 

4. The method as recited in claim 1, further comprising 
adjusting Said thickness of Said first passivation layer. 

5. In an active area of a base Structure for a cathode of a 
flat panel display, Said base Structure formed with a first 
passivation layer, Said first passivation layer having a 
thickness, a method of forming an array of cavities for 
cathodic emitters and corresponding gates for Said cathode, 
Said method comprising: 

depositing Stick chromium; 
disposing a blanket coat over Said active area; 
implanting a plurality of indentations in Said blanket coat; 
etching Said gates, and 
etching Said cavities for cathodic emitters corresponding 

to Said indentations, 
wherein said method does not require deposition of a second 
passivation layer nor process Steps corresponding to depo 
Sition thereof, and wherein Said etching Said gates and Said 
etching Said cavities for cathodic emitter corresponding to 
Said indentations are performed by a gaseous etchant com 
prising a mixture of octafluorocyclobutane, carbon 
monoxide, argon, and nitrogen. 
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6. The method as recited in claim 5, wherein said blanket 

coat comprises a polycarbonate material. 
7. The method as recited in claim 5, wherein said implant 

ing a plurality of indentations in Said blanket coat comprises 
Stochastic impinging with particles, Said particles having a 
high kinetic energy. 

8. The method as recited in claim 5, further comprising 
adjusting Said thickness of Said first passivation layer. 

9. In an active area of a base Structure for a cathode of a 
flat panel display, Said base Structure formed with a first 
passivation layer, Said first passivation layer having a 
thickness, a cathode base product formed by a process for 
fabricating an array of cavities for cathodic emitters and 
corresponding gates for Said cathode, Said process imple 
menting a method comprising: 

depositing Stick chromium; 
disposing a blanket coat over Said active area; 
implanting a plurality of indentations in Said blanket coat; 
etching Said gates, and 
etching Said cavities for cathodic emitters corresponding 

to Said indentations, 
wherein Said method does not require deposition of a Second 
passivation layer nor process Steps corresponding to depo 
Sition thereof, and wherein Said etching Said gates and Said 
etching Said cavities for cathodic emitter corresponding to 
Said indentations are performed by a gaseous etchant com 
prising a mixture of octafluorocyclobutane, carbon 
monoxide, argon, and nitrogen. 

10. The product as recited in claim 9, wherein said blanket 
coat comprises a polycarbonate material. 

11. The product as recited in claim 9, wherein said 
implanting a plurality of indentations in said blanket coat 
comprises Stochastic impinging with particles, Said particles 
having a high kinetic energy. 

12. The product as recited in claim 9, further comprising 
adjusting Said thickness of Said first passivation layer. 


